The properties of short, narrow-band spikes occurring in groups at decimetric wavelengths have been extensively analyzed. The bursts, termed blips in the literature, have been found to appear in the impulsive phase of flares. They are associated with hard X-ray emission in 40% of all cases with simultaneous coverage. The correspondence between blips and X-ray spikes is generally not one-to-one, blips being more numerous than X-ray spikes. In some cases, however, close correlations between single events have been found. Blips have been discovered to drift in frequency and to decay in time similarly to type III bursts at lower frequency. They also resemble type III bursts in polarization. An analysis of starting frequencies, however, clearly shows that blips and type III bursts belong to different statistical populations. The narrow bandwidth of blips, the major qualitative difference with respect to type III bursts, suggests that blips are the signature of electron beams which either decay rapidly or have a locally enhanced emission due to the presence of some low-frequency waves. Blips have been shown to be an impulsive phase phenomenon occurring at densities of 1-3 x 10 9
I. INTRODUCTION
A new type of solar radio burst between 600 and 1000 MHz has been reported by and further analyzed and modeled by Fürst, Benz, and Hirth (1982) . The reported decimetric bursts had narrow bandwidths (Av < 1000 MHz) and duration shorter than the 0.25 s time resolutions of the spectrograph. They were referred to as blips. They were associated with weak, spiky peaks observed only at 10.7 GHz and interpreted as synchrotron emission. Decimetric and microwave peaks occurred within seconds. No Ha flares were reported, except for one subflare. The coincidence of blips with hard X-rays has been observed previously in one case (S. R. Kane, private communication added in proof in Fürst, Benz, and Hirth 1982) .
Several mechanisms for the production of blips are possible :
1. Instabilities similar to those that produce type III radio bursts in the same beams of electrons that are believed to produce the observed synchrotron and bremsstrahlung radiation (as suggested by Fürst, Benz, and Hirth 1982) .
2. Emission by coalescence of Langmuir waves with low-frequency waves in the energy release region as proposed by Benz et al. (1982) for spikes associated with type III bursts.
3. Cyclotron maser emission of trapped energetic electrons as proposed by Melrose and Dulk (1982) and Sharma, Vlahos, and Papadopoulos (1982) for fast structures in microwaves. 1 Institute of Astronomy, ETH, Zurich, Switzerland. 2 NASA Goddard Space Flight Center, Greenbelt, Md. cm 3 in the low corona.
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We note that the small bandwidth of blips excludes the synchrotron mechanism.
Here we present a much larger set of observations than in the previous papers. They have been digitally recorded with higher resolution in time, frequency, and flux. The radio data are complemented with hard X-ray observations to assess their relation to the primary energy release. Observations and selection criteria are described in § II. In § HI we compare radio and hard X-ray observations taking advantage of the high time resolution and accurate timing in both data sets. The digital recording of the radio observations made a detailed investigation of blips possible. The results of this investigation are presented in § IV with a summary and discussion in § V. The characteristics of blips are compared with other fast structures observed in the radio spectrum. Blips differ in bandwidth and frequency drift rate from the spikes observed at metric frequencies near the start (in time and frequency) of type III radio bursts (Benz, Zlobec, and Jaeggi 1982) . Fast structures observed at 2.6 GHz by Slottje (1978) differ clearly in the degree of polarization. Possible models for blips and their diagnostic role in the flare phenomenon are discussed. The conclusions are given in § VI.
II. METHOD OF INVESTIGATION a) Instruments
The observations for this study were recorded with the Zurich radio spectrometer Ikarus and the Hard X-Ray Burst Spectrometer (HXRBS) on board the Solar Maximum Mission satellite (SMM) during 1980 and 1981. The Ikarus instrument (Perrenoud 1982) 
b) Selection of Events
During the maximum of the present cycle, we have observed hundreds of decimetric radio events. They fall into three principal groups (Kundu 1965; SolarGeophysical Data 1982) : decimetric type III bursts, decimetric type IV bursts, and decimetric pulsations (DCIM). DCIM events are commonly observed within ± 10 minutes of the impulsive phase of flares. Although no subclasses have yet been established, they seem to include a variety of phenomena. Large, broadband fluctuations have been reported by Benz et al (1982) to occur in the preflare phase, up to 6 minutes before the start of hard X-ray emission. Kane, Benz, and Treumann (1982) presented the case of a broadband DCIM event with less spiky appearance well correlated with a hard X-ray peak.
On the other hand, blips as observed by appear to be a clear subclass of DCIM events, with distinctly smaller bandwidth and time constant. The classification of DCIM events, however, is not the goal of this work, and blips remain just a working classification. We have selected blips using the following criteria:
1. The radio event must be classified as DCIM in the Zurich list of events included in Solar-Geophysical Data.
2. The event must be detectable at frequencies >500 MHz.
3. The typical bandwidth of the structures must be less than 100 MHz and their typical duration less than about 0.2 s.
4. The event must not be coincident with type III bursts at metric frequencies. These selection criteria effectively exclude the following structures similar to blips: type I bursts, "rain" in type IV bursts, spikes connected with type III bursts.
By definition, DCIM bursts have "pulsations," i.e., temporal structure with little or no drift of the maximum with frequency. About 40% of all events reported as DCIM consisted of blips. The rest were composed of larger structures. The two forms appeared simultaneously in about 10 % of all cases.
III. CORRELATIONS a) Association of Blips and X-Ray Bursts Several hundred groups of blips have been recorded on film by the Daedalus spectrograph. Out of 90 such events selected at random from data taken in the summer of 1980,37 occurred when HXRBS was observing. In 15, or 41 %, of these cases, HXRBS detected simultaneous hard X-ray emission. A similar analysis for 37 random groups of type III bursts recorded above 300 MHz when HXRBS was observing showed that only 5, or 14%, were associated with hard X-rays. Thus, blips seem to be more intimately related to hard X-ray bursts than are type III bursts. This is consistent with the result found by Kane (1981) that there is a higher probability for simultaneous X-rays the higher the starting frequency of the type III emission.
b) Detailed Comparison
For a detailed analysis we have selected 17 events which were detected by both the digital spectrometer, Ikarus, and HXRBS. Table 1 lists the peak X-ray count rate in the HXRBS energy range and the peak radio flux between 400 and 1000 MHz. Both the radio and X-ray fluxes vary by several orders of magnitude but with no apparent correlation between the two. The associated Ha events are mostly subflares or not listed in SolarGeophysical Data. This may be a selection effect, however, since we have excluded blips associated with type III bursts, which are known to appear in practically every major flare.
In 11 out of the 17 events listed in Table 1 , the first blip occurred after the start of the X-ray burst. Only in two cases did the first blip precede the X-ray increase but then only by a few seconds. On the other hand, blips have a tendency to occur during the rising part of the X-ray event. In seven out of the 17 cases, the "center of mass" of the blip group was clearly before the "center of mass" of the X-ray burst. Only in three cases was it after, but in those cases it occurred before a subsidiary X-ray peak. Note that the number of blips is in most cases larger than the number of X-ray peaks.
Examples of the radio and X-ray data are given in Figures 1, 2 , and 3. Figure 1 shows an unusually impulsive X-ray event recorded on 1980 May 9 with the associated radio data. The decimetric emission in the range 300-1000 MHz consists of 104 blips, all of which seem to be independent. The X-ray emission has fewer resolved spikes, but in this case they are of similar duration to that of the blips. Figure 2 shows a simpler case recorded on 1980 April 2. The radio and X-ray peaks at 11:21:30.5 and 11:21:38.5 UT are nearly simultaneous. Again, there are also blips without a corresponding X-ray peak. A similar situation exists for the event shown in Figure 3 . In most of the 17 events we have analyzed, there is at least one coincidence within 1 s between an X-ray spike and a X-ray counts per sec blip. More than half of the X-ray spikes in our sample have a coinciding blip. Blips with a coincident X-ray spike do not appear to differ in any way from those without X-ray spikes.
IV. PROPERTIES OF BLIPS a) Time Scales
The event of 1980 May 9 (Fig. 1 ) was recorded with the higher time resolution of 25 ms. Figure 4 shows the time profile of a typical blip from this event integrated over its full bandwidth of 36 MHz. The values of the e-folding rise and decay times at 970 MHz averaged over all blips in this event are 75 ± 5 ms and 90 ± 5 ms, respectively. The decay time averaged over all blips in all 17 events is shown as a function of frequency in Figure 5 . The time scales of the coincident X-ray spikes on May 8 are similar to those of the radio blips, but in four out of the 17 events, the X-ray spikes have longer time constants by at least an order b) Bandwidth Spectra of some blips are shown in Figure 3 . They represent snapshots taken within 30 ms at intervals of 100 ms. Generally, they are bell shaped. The distribution of the total bandwidth, Av, of the blips at half the power Fig. 4 of maximum is shown in Figure 6 . The sharp cutoff at 10 MHz is not instrumental since the detection limit was 3 MHz, and it was reached in only two blips. Bursts with bandwidths larger than 100 MHz have not been included. The mean values for three frequency bands given in Table 2 show a significant increase in bandwidth with increasing frequency. We have not found a correlation of bandwidth with either the radio or the X-ray peak flux. However, the center frequency of blips that have associated X-ray spikes is correlated with the X-ray peak flux at the 95 % probability level.
c) Drift Figure 7 shows some blips on an expanded time scale. For most of the blips, the time of peak flux can be seen to move to later times with decreasing frequency. Out of 52 suitable blips from all 17 events, 45 had measurable drifts, 40 of them being negative (i.e., they drifted from low frequency to high frequency).
The distribution of drift rates of the normal (i.e., negative) slope events is shown in Figure 8 . It has a lower cutoff at about 200 MHz s -1 and extends up to 1000 MHz s -1 , the highest possible measurable value given the time resolution of the data and the total bandwidth of the blips. The mean value of the drift rate for normal drift bursts is -404 + 28 MHz s~1 (Fig. 9) . The reversedrift blips seem to have a similar distribution of drift rates. No correlation was found between drift rate and frequency, perhaps because of the large scatter in the data. d) Starting Frequency Figure 10 shows the distribution of starting frequencies of events with Av < 100 MHz (blips) and of events with Av > 100 MHz (type III bursts). All shortduration events observed between 1980 March 18 and 28 with the Daedalus spectrograph are included. Narrowband events below 400 MHz are not shown, however, since they may easily be confused with type I bursts and type III associated spikes. The two distributions are completely different. e) Position, Polarization, and Harmonics In 13 of the 17 events analyzed, the position of the event could be determined from the associated Ha flare or subflare. The number of events in each 30° longitude interval was 6, 3, and 4 for longitudes of 0°-30 o , 31 o -60°, and 61 o -90°, respectively, i.e., compatible with a random distribution.
Polarization measurements were available in only three of the 17 events. The circular polarization at the time and frequency of the peak radio flux was averaged over all blips in each of these three events with the resulting values of 7%±3%, 11%±3%, and 27 % ± 4 %. This average polarization is clearly less than the usually full polarization observed, e.g., in type I bursts and microwave spikes, but it is similar to the mean polarization of 12.7 % ± 3 % measured at 237 MHz for type III bursts (Benz and Zlobec 1978) .
The identification of blips as fundamental or harmonic emission is important for diagnostic purposes. Two clearly separated frequency bands of blip activity that could possibly be associated with the two types of emission were seen in three out of the 17 events, with the 1980 May 9 event a possible fourth case (cf. Fig. 1 ). There is no one-to-one correspondence in peaks in the two bands, and the ratio of center frequencies is of the order of 1.7 in all three cases, making it unlikely that we are seeing simultaneous fundamental and harmonic emission from the same beam of electrons. No polarization measurements are available for the four cases. Comparing the observed polarization of blips with that of fundamental type III bursts (~35%) and harmonic type III bursts (~ 11 %) as observed by Dulk and Suzuki (1980) , we suggest that most blips are emitted at the harmonic. (1972) and Benz and Zlobec (1978) . The solid line is the predicted function for an isothermal atmosphere with a temperature of 2.2 x 10 6 K.
V. DISCUSSION a) Nature of Radio Blips The observed properties of a subclass of decimetric pulsations (DCIM) named blips have been presented. In the 600-1000 MHz range their main characteristics are 1. The e-folding rise and decay times are of the order of 100 ms. The rise time is generally smaller by ~ 25 % on average.
2. The frequency spectrum is roughly bell shaped. 3. The mean half-power bandwidth is 28 ± 3 MHz in the 800-900 MHz band with a possible increase with increasing center frequency.
4. Most blips have negative drifts with a mean rate of-404 ±28 MHz s" 1 . 5. Approximately 10% of all blips have reversed (positive) drift rates.
6. Polarization is relatively weak (10%-30%). Weak polarization makes blips different from spikes observed at higher frequency (Dröge 1977; Slottje 1978) . The resemblance of blips to spikes accompanying type III bursts (cf. Benz, Zlobec, and Jaeggi 1982) is also only partial: the polarization is similar and so is the bandwidth if reduced in proportion to the different frequencies. However, the similar drift rates of 450-600 MHz s -1 observed for spikes at 310 MHz by Benz, Zlobec, and Jaeggi (1982) are fortuitous, since they must be reduced in proportion to the observed frequencies. This can be shown as follows: The drift rate dv/dt of plasma emission of a source moving in the solar atmosphere can be expressed by
where n is the electron density, h the height above the photosphere, 6 the angle of the source path to a radial vector, and v the source velocity. The first factor, dv/dn, is v/2n on the assumption of plasma emission. For an isothermal, static atmosphere, the second factor, dn/d/z, amounts to -n/2, where À is the scale height given by the barometric equation. Equation (1) can be rewritten as dv cos 9 GMm D uv , . dt 4kT w where k is the Boltzmann constant, T is the temperature, G is the gravitational constant, M and m p are the masses of the Sun and the proton, respectively, and p is the mean molecular weight. This linear relation between drift rate and frequency can obviously not be applied to the solar wind region, i.e., at low frequency (say, < 200 MHz), but it is accurate over the frequency range of interest here. Blips resemble metric type III bursts in the following characteristics :
1. The observed decay time, T d , is close to the relation id = 10 7 -71 v -0 -95 derived by Alvarez and Haddock (1973) for metric and kilometric type III bursts (Fig. 5) . In addition, we have included in Figure 5 singlefrequency measurements (corrected to ^-folding values) of Wild (1950) and Elgaroy and Rodberg (1963) .
2. The time profile of blips is slightly asymmetric (Fig. 4) , with the ratio of the rise and decay times averaged over all blips equal to 0.75 ± 0.1. This is close to the value of 0.89 measured for type III bursts at 200 MHz by Elgaroy and Rodberg (1963) .
3. The degree of circular polarization is similar-in particular, to harmonic bursts.
4. The drift rate scales linearly with frequency as expected from equation (2) and from the type III measurements at lower frequencies. This is shown in Figure 9 . Only measurements made from time profiles are included in Figure 9 ; i.e., measurements from spectrograms are excluded since they yield values which are systematically high (Benz and Zlobec 1978) .
There are, however, clear differences between blips and type III bursts:
1. Blips are very limited in bandwidth, whereas classical decimetric type III bursts continue to metric frequencies and beyond.
2. Blips can occur in very large groups, usually larger than groups of type III bursts, and they can have a much higher burst rate. 3. Blips have a considerably higher rate of association with hard X-ray bursts than do metric type III bursts.
4. The number of type III bursts that start at the given frequency increases rapidly with decreasing frequency, whereas the number of blips has a broad maximum at a starting frequency of around 600 MHz.
Are blips just the high-frequency version of type III bursts or are the two physically different? The answer depends mainly on the mechanism which limits the bandwidth of blips. It is unlikely that this is the result of a propagation effect, since the spectrum of blips does not show a cutoff at high frequency nor are blips highly polarized at their high-frequency end, where absorption would most reduce the extraordinary mode. There is, furthermore, no good theoretical reason for a lowfrequency cutoff. We propose instead that blips are produced by electron beams which either (1) increase their luminosity locally because of special conditions, or (2) decay rapidly, lacking stabilization (Wentzel 1982) .
The first suggestion for the cause of the narrow bandwidth may be further developed if the emission is harmonic. This excludes, e.g., wave-wave coupling with low-frequency turbulence producing fundamental emission. The theories for harmonic emission are primarily subdivided into weak-turbulence and strongturbulence theories. In the case of weak turbulence, harmonic emission increases with temperature, roughly in proportion to T e 3 5 assuming a constant ratio of Langmuir wave energy density to thermal energy density.
A local increase by a factor of 4 in electron temperature could thus explain the emergence of a blip. More likely is a decrease of the threshold to strong turbulence, which, roughly, depends on quadratically (Wentzel 1982) . A local dip in temperature could then trigger the more efficient radiation mechanism.
The second suggestion for the cause of the narrow bandwidth assumes that the beam, after having become unstable and having evolved into strong turbulence, is stabilized by strong turbulence. Since the temperature is high and due to dilution of the beam particles, the threshold for strong turbulence may not be satisfied for long, and the beam decays. b) Significance of Blips The correlation of blips with hard X-rays indicates the origin of the phenomenon. The results of these observations are 1. Groups of blips are often (40%) associated with impulsive hard X-ray emission.
2. They tend to occur early in impulsive X-ray events.
3. There are from four to more than 100 blips per group. The number of blips is usually higher than the number of resolved X-ray peaks.
4. In some cases we have noted a near coincidence of a blip with an X-ray peak. In other cases such close correlation is not found.
The discussion of § Va suggests that blips are caused by a beam-plasma instability. The correlation with No. 1, 1983 SOLAR FLARES 365 X-rays suggests that both emissions are produced by electrons from the same population. The electron density in the source region of blips can easily be derived assuming harmonic emission at the plasma frequency. The observed range of frequencies then yields 1-3 x 10 9 cm -3 . For efficient plasma emission of radio waves, the distribution / in velocity must be unstable (Penrose criterion):
The range in heights over which this occurs must be very small for blips in view of the narrow bandwidth. The height interval, Ah, can be calculated assuming an isothermal, static atmosphere:
with 2 defined by the barometric equation. From the observed average value of the bandwidth of blips (Table  2 ) and assuming T = 2.2 x 10 6 K (see below), we get Ah = 6600 km.
The temperature can be derived from the drift rate and from the decay rate independently. From the drift rate, the temperature is determined from the following expression obtained by using equation (2): 10 6 K = 108 c/3 i cos 6 ^ The observed drift rates (Fig. 8) yield temperatures in the range 1.3-4 x 10 6 K with an average of 2.2 x 10 6 K assuming a beam velocity of c/3 (~30 keV electrons) and cos 0 ~ 1.
From the decay rate, the temperature can be obtained if we assume that emission is at the harmonic of the plasma frequency, and the Langmuir waves decay by electron-ion collisions. Putting in the observed parameters, this yields a temperature of 1.25 x 10 7 K, i.e., significantly higher than the value derived independently from the drift rate. Metric type III bursts show the same difference in derived temperatures (Aubier and Boischot 1972) , and this is generally explained as a weak continuation of the beam in the decay phase, increasing the decay time.
VI. CONCLUSIONS
We have found blips to be similar to high-frequency type III bursts. They differ quantitatively, however, in that they have shorter bandwidth, higher starting frequency, a larger number of events per flare, and higher association with X-ray events. These properties enable the blips to be easily separated from standard type III bursts. This is particularly obvious in Figure 10 . Furthermore, the narrow bandwidth of blips, an average of only 3% of the center frequency, makes the blips completely different from type III bursts. Type III bursts may also be of limited bandwidth, but normally they continue to the lower limit of the observed frequency band and indeed have been followed to frequencies as low as a few kHz in interplanetary space.
Despite the differences, it appears that blips are caused in a similar manner to type III bursts, i.e., by electron beams propagating in the low corona during the flare. The bandwidth of blips is small because either (1) their electron beams decay rapidly, or (2) the beams increase their radio luminosity locally because of special conditions in the plasma.
Blips are potentially of great value in understanding the particle acceleration mechanism in the impulsive phase of flares. They correlate well with hard X-ray emissions, suggesting either that they result from a large number of particles that are also responsible for some of the observed X-ray emission, or that they are signatures of particles escaping from the X-ray source. In both cases they must be intimately related to the primary energy release mechanism and to a large fraction of the total flare energy. They occur during the impulsive phase and at densities where a large fraction of the flare energy is commonly believed to be released. As tracers of energetic electron propagation, they deserve continued study.
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